Summary: The reaction of nucleophiles with bridgehead bromides 3 and 4 affords rearrangement products resulting from addition of the nucleophile to the carbonyl group followed by ring contraction. This rearrangement has been employed in a direct synthesis of epi-modhephene.
Several researchers, most notably Wiesner,' Masamune? Nagata,3 and Fukumoto4 have reported clever syntheses of diterpene alkaloids. Our approach required the preparation of an AB ring system that would be converted into the diterpene skeleton via bridgehead radical chemistry. The synthesis of the requisite bicyclic intermediate commenced with the bromination of readily available keto ester 1 to afford bromide 2. The most direct path from bromide 2 to amine 3 was via a Mannich condensation with ethylamine and formaldehyde. Although displacement of the bromide by the amine seemed a likely complication, the double Mannich condensation actually proceeded very smoothly to generate 3 in 49% isolated yield along with 40% recovered starting material.
On the basis of extensive literature precedent in the radical addition area, the intramolecular interception of the bridgehead radical appeared to offer the best chance for a high-yield connection of 3 with an alkene.5 Toward this goal, amine 3 was added to a T H F solution of the lithium enolate of 1-acetylcyclohexene at -78 "C (Scheme I). The solution was then allowed to warm to 0 "C. The expected product was the hydroxy ketone. Surprisingly, the only product isolated was the novel diketone 5. The resonances at 94.99 and 180.13 ppm (corresponding to the P-diketone unit) in the 13C NMR spectrum strongly sup- ported the structural assignment. This product presumably arose from enolate addition to the ketone followed by ring contraction of the resulting tertiary alkoxide to a 3-azabicyclo[3.3.0]octane system. There is little precedent of this nucleophilic addition/ring contraction sequence in bridged ring systems. The rearrangement of the bromo ketone shown below employed aqueous silver nitrate?
When 3 was treated with phenyllithium, methyllithium, or the lithium enolate of acetophenone, rearrangement products were also observed. For determination of whether the rearrangement would occur in the all-carbon framework, keto ester 4 was prepared. The reaction of bromo ketone 2 and MVK in (6) concentrated sulfuric acid at 0 "C generated a diketone from a Michael addition reaction. This diketone could be cyclized to 4 in 77% yield by treatment with concentrated sulfuric acid at ambient temperature.' The reaction of 4 with the lithium enolate of acetophenone (-78 OC to 0 "C) furnished diketone 6 in 41% yield. The reaction of 4 with (Me0)2POCH2Li afforded keto phosphonate 6 in 70% yield. The reaction of 4 with MeMgBr in ether at 0 "C produced the unrearranged tertiary alcohol as a mixture of stereoisomers.
The bicyclic compound 6 contains two of the three rings of modhephene, a novel terpene (Scheme 11). Unexpectedly, catalytic hydrogenation of 6 produced one isomer by reduction from the more hindered endo face. Cyclization with potassium tert-butoxide and 18-crown-6 at 80 OC in toluene afforded 7, an intermediate in the Mundy syntheses of epi-modhephene? in 64% yield. Since 7 was converted by Mundy into epi-modhephene, this represents a formal synthesis of epi-modhephene. Compound 7 is available from 2 in 34% overall yield. This rearrangement reaction is compatible with a variety of functional groups. The synthesis of an advanced intermediate in the Mundy synthesis of epi-modhephene confirms the structural assignments of the rearrangement p r o d~c t s .~ The research described herein opens up a new pathway by which bicyclo[3.3.0]octanes and their 3-aza counterparts can be constructed. 
Summary:
Bis-allylic compounds such as diethyl (4S,5S)-4,5-bis( (tert-butyldimethylsilyl)oxy)-2,6-octadienedioate (la) exhibit very high diastereoselection in osmium tetraoxide catalyzed dihydroxylation; a particular ground-state conformation is proposed to be responsible.
Osmium tetraoxide catalyzed oxidations of carboncarbon double bonds have proven to be very useful for introducing vicinal dihydroxyl groups onto 1,2-disubstituted olefins bearing an allylic oxygen stereocenter in a stereochemically predictable manner.' Kishi has proposed a useful empirical model based on a reactant-like eclipsed transition state.ld However, the diastereomeric excesses observed in these processes vary considerably from sub-
